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ABSTRACT 

T h e r e  i s  a cu r ren t  need i n  space astronomy t o  c a l i b r a t e  

accura te ly  t h e  magnitude of t h e  br ighter  stars used as navigation 

guide s t a r s  i n  u n f i l t e r e d  tracking systems. I n  t h e  pas t ,  t h e s e  

magnitudes have always been computed from observed narrow-band data  

s ince  t h e r e  have been few d i r e c t  observations w i t h  these systems. 

Photoelectr ic  observations of b r igh t  stars have .been made 

using t h e  LPL (Lunar and Planetary Laboratory) 2 1  inch telescope 

and a ca l ib ra t ed  1 P 2 1  phototube, u n f i l t e r e d .  

[m(S-4)-V] versus (B-V) c a l i b r a t i o n  curve, w a s  derived w i t h  

t h e  zero-point set f o r  A 0  s t a r s .  The measured magnitude over 

t h e  response of t h e  phototube i s  m(S-4) and V and (B-V) a r e  

t h e  magnitude and co lor ,  respect ively,  i n  t h e  UBV system. The 

c a l i b r a t i o n  curve i s  l i n e a r  between (B-V) = 0.00 and +1.00 
and reaches l imi t ing  values of [m(S-4)-V] = -0 .61  and +0.99 

f o r  (B-V) = -0.23 and +1.64 ,  respec t ive ly .  

A co lo r  index, 

A t h e o r e t i c a l  curve, based on a formula derived by Davenport, 

r e l a t i n g  m(S-4) *to t h e  ex i s t ing  UBV measurements d i f f e red  from 

t h e  observed curve by kO.05mag (p.e.) w i t h  t h e  l a t e r  s p e c t r a l  

classes having t h e  l a rge r  differences.  Line blanketing becomes 

important i n  these cooler  stars and becones increasingly d i f f i c u l t  

t o  take i n t o  account i n  t h e  computed magnitudes. Both t h e  observed 
and t h e o r e t i c a l  curves are discussed i n  d e t a i l  as w e l l  a s  the 

e r r o r s  expected i n  using t h i s  method t o  c a l i b r a t e  tracking systems. 

* 
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INTRODUCTION 

T h e r e  i s  a cur ren t  need i n  space astronomy fo r  a s te l lar  

c a l i b r a t i o n  curve f o r  t h e  br ighter  navigat ional  stars, i n  terms 

of t h e  de tec tor  system, o r  i n  o t h e r  words "How br ight  w i l l  a 

p a r t i c u l a r  star appear t o  a pa r t i cu la r  star tracker?" 

previous work on t h i s  problem included Aerobee f l i g h t s  conducted 

by NASA on four  stars and Mariner, Surveyor, and Orbi ter  data  on 

Canopus. 

t e m s ,  such as an u n f i l t e r e d  1P21 phototube, h a s  been computed 

from observat ional  f i l t e r -band  da ta  (UBV). 

To date ,  

I n  t h e  pas t ,  t h e  ca l ib ra t ion  curve f o r  broadband sys- 
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OBSERVATIONS 

Thir ty-nine stars b r igh te r  than 3.0 magnitude (V) were 

observed using t h e  2 1  inch telescope of t h e  Lunar and Planetary 

Lab, Universi ty  of Arizona. The spectral response of t h e  un- 

f i l t e r e d  1P21 phototube was measured both before  and a f t e r  t h e  

observations i n  order  t o  compare t h i s  information w i t h  t h e  

t h e o r e t i c a l  data .  

The magnitude observed i s  designated m(S-4) t o  ind ica te  

t h a t  an (S-4) photosurface w a s  used. The observations were re- 

duced t o  zero a i r  mass i n  t h e  usual  manner. It w a s  fpund t h a t  

t h e  t o t a l  ex t inc t ion  coe f f i c i en t  var ied smoothly w i t h  t h e  s t e l l a r  

co lor ,  reaching a maximum value of 0.31 f o r  stars of t h e  e a r l i e s t  

s p e c t r a l  class. A co lor  index, [m(S-4)-V], w a s  derived f o r  each 

star using t h e  V values given by Johnson e t  a1 ( 1 9 6 6 ) .  A s  i s  

t h e  usua l  case,  t h e  co lor  index w a s  set equal t o  zero f o r  stars 

of spectral c l a s s ,  A O V ,  

Figure 1 sho-as t h e  observed c a l i b r a t i o n  curve f o r  a detector  

system using an u n f i l t e r e d  1P21 phototube. The  quant i ty ,  (B-V), 

i s  t h e  standard co lor  i n  the  UBV system and t h e  e r r o r s  i n  the 

present ly  observed color  index, [m(S-4)-VIy are M.03 - mag ( p . e . ) .  

T h e  curve i s  q u i t e  l i n e a r  between (B-V) = 0.00 and +1.00. T h i s  

i s  t o  be expected as and 

heff[V] = 5500 w, i . e . ,  m(S-4) can be thought of a s  approxi- 

mating a very broadband B magnitude. 

heff [m(S-4)] = 4600 8 ,  heff[B] = 4400 d 

N o  e f f e c t  due t o  the Balmer d iscont inui ty  i s  seen. T h i s  i s  

t h e  r e s u l t  of t h e  s e n s i t i v i t y  of t h e  1P21 f a l l i n g  off  qu i t e  rap id ly  

f o r  h < 3600 A .  Hence, the  influence of the  s t e l l a r  u l t r a v i o l e t  

i s  s m a l l  when compared t o  t h e  v i s i b l e  rad ia t ion  which extends t o  
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7000 k, the red limit of the tube. The color index, [m(S-4)-V], 
becomes progressively bluer as (B-V) -+ -0.23, reaching the 
limiting value -0.61. At (B-V) = +1.64, the red limit, 
[m(s-4)-~1 = +O.99. 

Stars of all luminosity classes (Ia,b, Supergiants; I1 and 
111, Giants; IV and V, Subgiants) seem to follow the same curve 
for (B-V) > 0.00. Again, this is a consequence of m(S-4) - B. 
Two blue Supergiants, f3 Ori and K Ori, appear to be bluer 
than the Giant and Subgiant stars of similar (B-V) by about 
0.15 magnitude. 
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THEORETICAL C OWARISONS 

Davenport, at Goddard Space Flight Center (unpublished), 
has derived a second order equation which can be represented in 
functional form as 

The coefficients are determined from the measured spectral 
response of the phototube and the published responses of the UBV 
filters. The percent error between the observed m(S-4) values 
and the computed values is H . 0 5  - mag with no systematic trend 
with color between -0.2 < (B-V) < +1.5. These differences be- 
come greater for (B-V) > +1.5 (later than K 3 )  in the sense 
that the observed m(S-4) values are consistently fainter than 
the computed values. Line blanketing becomes important for these 
cooler stars and is not completely corrected for when UBV data 
is used to derive m(S-4). 

A paper by Matloff (1967) has recently appeared in which the 
following function 

m(S-4) = f(U, B, V) 

is used to compute m(S-4). The weights for these three points 
are determined from the relative sensitivity of the 1P21 photo- 
tube read at the effective wavelengths of the UBV filters. The 
percent error in the differences (observed-computed) using Matloff' s 

equation are slightly larger than the values derived from Davenport's 
equation, -1-0.07 - mag versus s.05 mag, respectively. 
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SUMMARY 

Photoe lec t r ic  da ta  have been taken on b r i g h t  stars i n  order  

t o  bu i ld  up a c a l i b r a t i o n  curve f o r  de t ec to r s  using 

cathodes.  The c a l i b r a t i o n  f o r  o t h e r  de tec tor  systems, such as 

(S-20) or  s i l i c o n  photosurfaces, should be derived by d i r e c t  

observat ion rather than depending on formulae which relate t o  

f i l t e r -band  data .  

( S - 4 )  photo- 
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